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(57) ABSTRACT 

Measuring means measures a terminal voltage of the battery 
in an open circuit state in a speci?c cycle after completion 
of a charge or discharge of the battery and collecting means 
collects the measured terminal voltage. Computing means 
computes a voltage value, to Which a poWer approximation 
expression asymptotically approaches, as an assumed open 
circuit voltage of each time period from the collected 
terminal voltage, Wherein the poWer approximation expres 
sion has an exponent of —0.5 or about —0.5 and is determined 
on the basis of the terminal voltage of each time period of 
a plurality of predetermined time periods. The assumed open 
circuit voltage of a time period, in Which its difference from 
the assumed open circuit voltage of a neighboring time 
period becomes minimum, is estimated as an open circuit 
voltage. 
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METHOD AND DEVICE FOR ESTIMATING OPEN 
CIRCUIT VOLTAGE OF BATTERY 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] The present invention relates to a method and 
device for estimating an open circuit voltage of a battery, 
Which supplies electric poWer to a load. 

[0003] (2) Description of the Related Art 

[0004] An open circuit voltage of a battery is determined 
by measuring a terminal voltage in its open circuit state of 
a battery in its equilibrium state and is a quantity re?ecting 
a charging state of the battery. Therefore, an open circuit 
voltage of a battery is important in order to knoW how much 
electrical quantity remains in the battery (i.e. charging state) 
as to a battery in operation, Which is loaded on a vehicle, for 
example. 

[0005] In general, When a discharge current ?oWs from a 
battery, a drop corresponding to the magnitude of the current 
takes place in a terminal voltage of the battery, on the other 
hand, When a charge current ?oWs into a battery, the terminal 
voltage rises. For example, the voltage drop during dis 
charge is caused by an internal irnpedance (cornbined resis 
tance) of a battery and can be divided into a voltage drop (IR 
loss) due to a pure resistance (ohrnic resistance) caused by 
structure of the battery, another voltage drop due to activa 
tion polariZation of polariZation resistance cornponent 
caused by chemical reaction, and further voltage drop due to 
concentration polariZation of the polariZation resistance 
cornponent caused by the chemical reaction. 

[0006] When the discharge current becomes zero, the IR 
loss sirnultaneously becomes zero and the voltage drop due 
to the activation polariZation also becomes Zero in a rela 
tively short period of time. The voltage drop due to the 
concentration polariZation decreases as the discharge current 
decreases, hoWever the voltage drop due to the concentration 
polariZation remains for a relatively long period of time even 
When the discharge current becomes zero, because it takes a 
relatively long period of time for the concentration polar 
iZation to disappear by diffusion of electrolyte. Such a state 
in Which the voltage drop due to discharge remains after 
completion of the discharge is called a non-equilibriurn 
state. A terminal voltage of a battery measured in an open 
circuit state When the battery is in a non-equilibriurn state is 
different from a terminal voltage measured when the battery 
is in an equilibrium state, that is open circuit voltage, in 
Which the voltage drop due to the discharge cornpletely 
disappears, and changes approaching to the open circuit 
voltage With time passing after the halt of the discharge. 

[0007] In this connection, a terminal voltage of a battery, 
Which rises as the charge current ?oWs, is also different from 
an open circuit voltage, because the voltage rise due to the 
concentration polariZation remains for a relatively long 
period of time similarly to the case of the discharge. 

[0008] In general, a terminal voltage of a battery changes 
approaching to an open circuit voltage after completion of a 
charge as shoWn in FIG. 3 and changes approaching to an 
open circuit voltage after completion of a discharge as 
shoWn in FIG. 10. As shoWn in FIG. 11, after completion of 
a charge, for example, a time required to reach an equilib 
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riurn state is short When the temperature is high, While the 
time is long When the temperature is loW. 

[0009] Therefore, in general, a terminal voltage of a 
battery in an open circuit state has been measured When a 
certain time passes after completion of a charge or discharge, 
said certain time being considered to be a time required to 
reach an equilibrium state, Which is 24 hours for example, 
and then thus rneasured terminal voltage has been regarded 
as an open circuit voltage. 

[0010] In the method as described above, in order to obtain 
an open circuit voltage We have to Wait for a certain period 
of time required for the system to reach a supposed equi 
libriurn state after completion of a charge or discharge. 
Therefore, When a charge or discharge is started again before 
such a certain period of time required passes, there is no 
chance to obtain an open circuit voltage until a certain period 
of time passes again after the completion of such a neXt 
charge or discharge, causing a problem that there is very feW 
chance for obtaining an open circuit voltage. 

[0011] In addition, since the certain period of time 
required as described above varies depending upon tempera 
ture, if the terminal voltage of a battery in an open circuit 
state after a constant period of time passes after the comple 
tion of a charge or discharge is measured and regarded as an 
open circuit voltage regardless of ambient temperature, such 
a regarded open circuit voltage includes an error because the 
terminal voltage varies depending upon temperature, caus 
ing a problem that a compensation With respect to the 
temperature is required for canceling such an error. 

SUMMARY OF THE INVENTION 

[0012] It is therefore an objective of the present invention 
to solve the above problems and to provide a method and 
device for estimating an open circuit voltage of a battery, by 
Which an open circuit voltage of a battery in operation can 
be relatively accurately estimated in a relatively short period 
of time after completion of a charge or discharge. 

[0013] The present invention has been attained by ?nding 
out that a terminal voltage of a battery in an open circuit state 
after completion of a charge or discharge asyrnptotically 
approaches to a speci?c voltage, Which can be estimated as 
an open circuit voltage according to a predetermined poWer 
approXirnation eXpression. 

[0014] In order to attain the above objective, the present 
invention is to provide a method of estimating an open 
circuit voltage of a battery for supplying electric poWer to a 
load, comprising the steps of: 

[0015] measuring and collecting a terminal voltage of 
the battery in an open circuit state in a speci?c cycle 
after completion of a charge or discharge of the 
battery; 

[0016] computing a voltage value, to Which a poWer 
approXirnation expression asyrnptotically 
approaches, as an assumed open circuit voltage of 
each time period from the collected terminal voltage, 
Wherein the poWer approXirnation expression has an 
eXponent of —0.5 or about —0.5 and is determined on 
the basis of the terminal voltage of each time period 
of a plurality of predetermined time periods; and 
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[0017] estimating the assumed open circuit voltage of 
a time period, in Which its difference from the 
assumed open circuit voltage of a neighboring time 
period becomes minimum, as an open circuit volt 
age. 

[0018] With the construction described above, after 
completion of a charge or discharge of the battery, an 
asymptote of a poWer approximation expression obtained by 
using the terminal voltage for a time period, in Which the 
terminal voltages in accordance With the poWer approxima 
tion expression are relatively gather, from the terminal 
voltages measured in a relatively short period of time, can be 
estimated as an open circuit voltage of the battery. There 
fore, a method of estimating an open circuit voltage of a 
battery, by Which an open circuit voltage of a battery can be 
relatively accurately estimated in a relatively short period of 
time after completion of a charge or discharge, can be 
provided. 
[0019] Preferably, each time period of a plurality of pre 
determined time periods is de?ned by a combination 
betWeen one of a plurality of start time points and one of a 
plurality of ?nish time points, Which are predetermined With 
an elapsed time after completion of a charge or discharge of 
the battery. 

[0020] With the construction described above, an accurate 
open circuit voltage can be obtained. 

[0021] Preferably, the shortest one of the start time points 
and the longest one of the ?nish time points correspond to 
a start and a ?nish of the time period, respectively, during 
Which the terminal voltage of the battery in an open circuit 
state is measured and collected. 

[0022] With the construction described above, an ef?cient 
measurement for obtaining an open circuit voltage can be 
carried out. 

[0023] Preferably, an interval betWeen a plurality of the 
start time points is smaller than an interval betWeen a 
plurality of the ?nish time points. 

[0024] With the construction described above, as for the 
components, Which have no relation With the diffusion of the 
electrolyte, such as an internal resistivity, activation polar 
iZation, and overvoltage accompanied by gas generation, 
easily become the error factor, and are included in the 
voltage change right after a charge or discharge, it is possible 
to set the time periods ?nely. 

[0025] Preferably, a time period, in Which a value obtained 
by dividing a summation of absolute values of a difference 
from the assumed open circuit voltage of a neighboring time 
period by the number of the neighboring time periods 
becomes minimum, is set to be a time period, in Which a 
difference from the assumed open circuit voltage of a 
neighboring time period becomes minimum. 

[0026] With the construction described above, an open 
circuit voltage of a battery can be estimated by the relative 
comparison regardless of the number of the neighboring 
time periods. 

[0027] Preferably, When the terminal voltage in an open 
circuit state is collected after completion of a charge, on the 
basis of a difference value betWeen the terminal voltage in 
an open circuit state for each time period and an assumed 
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open circuit voltage, a predetermined poWer approximation 
expression having a negative exponent is determined, and 
the determination of the poWer approximation expression is 
carried out repeatedly by updating the assumed open circuit 
voltage until the exponent of the determined poWer approxi 
mation expression becomes —0.5 or about —0.5, thereby 
computing a voltage value to Which the poWer approxima 
tion expression asymptotically approaches. 
[0028] With the construction described above, an asymp 
tote of a poWer approximation expression for each time 
period is obtained as the assumed open circuit voltage for 
each time period in a relatively short period of time after 
completion of the charge of the battery. 
[0029] Preferably, When the terminal voltage in an open 
circuit state is collected after completion of a discharge, on 
the basis of an absolute value of a value obtained by 
subtracting the assumed open circuit voltage from the ter 
minal voltage in an open circuit state for each time period 
and on the basis of a difference value betWeen the terminal 
voltage in an open circuit state for each time period and an 
assumed open circuit voltage, a predetermined poWer 
approximation expression having a negative exponent is 
determined, and the determination of the poWer approxima 
tion expression is carried out repeatedly by updating the 
assumed open circuit voltage until the exponent of the 
determined poWer approximation expression becomes —0.5 
or about —0.5, thereby computing a voltage value to Which 
the poWer approximation expression asymptotically 
approaches. 
[0030] With the construction described above, an asymp 
tote of a poWer approximation expression for each time 
period is obtained as the assumed open circuit voltage for 
each time period in a relatively short period of time after 
completion of the discharge of the battery. 
[0031] Preferably, the poWer approximation expression is 
expressed by ot~tD, Where t is time, 0t is an unknoWn 
coef?cient, and D is an unknoWn negative exponent. 

[0032] With the construction described above, an assumed 
open circuit voltage When the exponent D of the poWer 
approximation expression ot~tD becomes —0.5 or about —0.5 
can be set as the assumed open circuit voltage for the time 
period. 
[0033] Preferably, the number of values of the measured 
terminal voltage in an open circuit state for each time period 
is set to be an optional number equal to or more than 2 and 
the terminal voltage of the optional number is subjected to 
a regression calculation, thereby determining the exponent 
D of the poWer approximation expression. 

[0034] With the construction described above, even if the 
exponent of the poWer approximation expression ot~tD does 
not become —0.5, the assumed open circuit voltage of each 
time period can be obtained When the predetermined number 
of the determination of the poWer approximation expression 
is carried out. 

[0035] In order to attain the above objective, the present 
invention is to provide a device for estimating an open 
circuit voltage of a battery for supplying electric poWer to a 
load, comprising: 

[0036] measuring means for measuring a terminal 
voltage of the battery in an open circuit state in a 
speci?c cycle after completion of a charge or dis 
charge of the battery; 
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[0037] collecting means for collecting the terminal 
voltage of the battery in an open circuit state, Which 
is measured by the measuring means; and 

[0038] computing means for computing a voltage 
value, to Which a poWer approximation expression 
asymptotically approaches, as an assumed open cir 
cuit voltage of each time period from the terminal 
voltage collected by the collecting means, Wherein 
the poWer approximation expression has an exponent 
of —0.5 or about —0.5 and is determined on the basis 
of the terminal voltage of each time period of a 
plurality of predetermined time periods, 

[0039] Wherein the assumed open circuit voltage of a time 
period, in Which its difference from the assumed open circuit 
voltage of a neighboring time period becomes minimum, is 
estimated as an open circuit voltage. 

[0040] With the construction described above, after 
completion of a charge or discharge of the battery, an 
asymptote of a poWer approximation expression obtained by 
using the terminal voltage for a time period, in Which the 
terminal voltages in accordance With the poWer approxima 
tion expression are relatively gather, from the terminal 
voltages measured in a relatively short period of time, can be 
estimated as an open circuit voltage of the battery. There 
fore, a device for estimating an open circuit voltage of a 
battery, by Which an open circuit voltage of a battery can be 
relatively accurately estimated in a relatively short period of 
time after completion of a charge or discharge, can be 
provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1 is a block diagram of a basic constitution of 
a device for estimating an open circuit voltage of a battery 
according to the present invention; 

[0042] FIG. 2 illustrates a primary construction of a 
device for estimating an open circuit voltage of a battery for 
use in a vehicle according to a preferred embodiment, to 
Which a method of estimating an open circuit voltage of a 
battery according to the present invention is applied, shoW 
ing by a block diagram partially; 

[0043] FIG. 3 is a graph illustrating a change in a terminal 
voltage of a battery in an open circuit state after completion 
of a charge; 

[0044] FIG. 4 is a graph for explaining a method of 
estimating an open circuit voltage according to the present 
invention; 

[0045] FIG. 5 is another graph for explaining a method of 
estimating an open circuit voltage according to the present 
invention; 
[0046] FIG. 6 is a graph for materially exemplifying the 
validity of a method according to the present invention; 

[0047] FIG. 7 is a flow chart illustrating a process that a 
microcomputer shoWn in FIG. 2 carries out according to a 
program predetermined for estimating an open circuit volt 
age of a battery; 

[0048] FIG. 8 is a flow chart illustrating a material process 
for computing an assumed open circuit voltage shoWn in 
FIG. 7; 

Sep. 11, 2003 

[0049] FIG. 9 is a graph for explaining a method for 
updating an assumed open circuit voltage; 

[0050] FIG. 10 is a graph illustrating a change in a 
terminal voltage of a battery in an open circuit state after 
completion of a discharge; and 

[0051] FIG. 11 is a graph illustrating a change in a 
terminal voltage of a battery in an open circuit state after 
completion of a charge, Which varies depending upon tem 
perature. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0052] Before a method for estimating an open circuit 
voltage of a battery according to the present invention is 
explained With reference to FIG. 2 together With a preferred 
embodiment of a device for estimating an open circuit 
voltage of a battery according to the present invention, a 
basic idea of the present invention Will be explained in the 
folloWing. 

[0053] In general, When a charge of a battery mounted on 
a vehicle is completed, as for a terminal voltage of a battery 
in an open circuit state, a component of the terminal voltage, 
Which has risen caused by concentration polariZation, gradu 
ally decreases as time passes and asymptotically approaches 
to an open circuit voltage (OCV=EO), Which corresponds to 
a terminal voltage of a battery in an open circuit state after 
24 hours, for example, as shoWn in FIG. 3. Such an 
asymptotic curve is generally expressed by a poWer expres 
s1on. 

[0054] When an open circuit voltage E0 is unknown, as 
shoWn in FIG. 4, if an assumed open circuit voltage (OCV‘= 
E) is de?ned and subtracted from a terminal voltage V(t), 
V(t)-OCV‘ is expressed by a poWer approximation expres 
sion ot~tD, Which approaches the transverse axis, as shoWn in 
FIG. 5. 

[0055] In general, When a diffusion phenomenon is 
approximately expressed by a poWer approximation expres 
sion ot~tD, normally an exponent D is about —0.5. Therefore, 
if a change in a terminal voltage of a battery after completion 
of a charge depends on a voltage change arisen due to only 
diffusion of electrolyte, an assumed open circuit voltage E 
can be regarded as an open circuit voltage When a poWer 
approximation expression ot~tD, in Which the exponent D 
becomes —0.5, is obtained. 

[0056] An example for proving that an exponent D 
becomes about —0.5 When a diffusion phenomenon is 
approximately expressed by a poWer approximation expres 
sion ot-tD Will be explained With reference to FIG. 6 in the 
folloWing. 

[0057] As for a battery having an open circuit voltage 
12.34 V, an assumed open circuit voltage is set to be 12.34 
V. In a poWer approximation expression, Which is deter 
mined by using a value calculated by subtracting this 
assumed open circuit voltage from a terminal voltage mea 
sured betWeen 5 and 15 minutes after a charge is halted, the 
exponent D becomes —0.500, While When the assumed open 
circuit voltage is set to be 12.29 V Which is smaller than 
12.34 V, the exponent D becomes —0.452 Which is larger 
than —0.500, and further, While When the assumed open 
circuit voltage is set to be 12.39 V Which is larger than 12.34 
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V, the exponent D becomes —0.559 Which is smaller than 
—0.500. Consequently, it is understood that When the expo 
nent D of the poWer approximation expression becomes 
—0.5, the assumed open circuit voltage becomes equal to an 
open circuit voltage. 

[0058] HoWever, in general, a change in a terminal voltage 
of a battery right after completion of a charge or discharge 
includes components, Which have no relation With the dif 
fusion of the electrolyte, such as an internal resistivity, 
activation polariZation, and overvoltage accompanied by gas 
generation, causing an error for determining an open circuit 
voltage. Therefore, it is meaningless to measure and collect 
a terminal voltage of a battery in an open circuit state for a 
time period While it includes such components, Which have 
no relation With the diffusion of the electrolyte. 

[0059] Further, in general, since the accuracy for estima 
tion might deteriorate depending upon the resolution of the 
measurement When a change in the voltage is decreased as 
time passes, therefore regarding a terminal voltage of a 
battery in an open circuit state for a time period While the 
accuracy for estimation deteriorates because of loW resolu 
tion of the measurement, further measurement of the termi 
nal voltage becomes meaningless. 

[0060] Then, in order to remove the measurement for a 
time period While a change in the terminal voltage includes 
the components that have no relation With the diffusion of 
the electrolyte causing the error, the time point for starting 
to measure the terminal voltage of a battery in an open 
circuit state can be set a time point When a speci?c time 
period Ta passes after the completion of a charge or dis 
charge. HoWever, a time point at Which the error factors are 
canceled off varies depending upon a condition of the 
battery, therefore in the event that the time point for starting 
to measure the terminal voltage is determined uniformly, 
depending upon a condition of the battery, a terminal voltage 
having no error factor is measured but is not used, and 
alternatively, a terminal voltage having error factors is 
measured and is used. 

[0061] In order to remove the measurement for a time 
period While the estimation accuracy deteriorates caused by 
a limited resolution of the measurement, the time point for 
?nishing to measure the terminal voltage can be set to be a 
time point When a speci?c time period Tb passes after the 
completion of a charge or discharge. HoWever, Whether or 
not the resolution does matter depends on a magnitude of the 
error factor betWeen values of the terminal voltage, Which 
are used for carrying out the poWer approximation. There 
fore in the event that the time point for ?nishing to measure 
the terminal voltage is determined uniformly, depending 
upon a condition of the battery, a terminal voltage measured 
With good resolution is measured but is not used, and 
alternatively, a terminal voltage measured With bad resolu 
tion is measured and is used. 

[0062] Of course, a time period While no error factor is 
included in a change in the terminal voltage may be con 
sidered to be set regardless of the condition of a battery. 
HoWever, if the time period of the measurement is set in 
advance from the vieWpoint described above, there might be 
a problem that there is no time period for measuring or that 
the predetermined time period is not necessarily adequate. 

[0063] In a method and device for estimating an open 
circuit voltage of a battery according to the present inven 
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tion, an open circuit voltage of a battery can be accurately 
estimated not depending upon condition of the battery as is 
explained in the folloWing. 

[0064] First, the speci?c time period Ta as de?ned above 
is set short, for example, 5 minutes, during Which the 
terminal voltage in an open circuit state can be measured 
When the error factor is quickly canceled, While the speci?c 
time period Tb as de?ned above is set long, for example, 80 
minutes, during Which the terminal voltage in an open circuit 
state can be measured even When the resolution of the 
measurement is deteriorated to a certain extent, then the 
terminal voltage in an open circuit state is measured in a 
cycle of, for example, 10 second for a time period from Ta 
to Tb after the completion of a charge or discharge and then, 
the measured terminal voltage is collected by storing it in a 
memory. 

[0065] Thus, the sampling of the terminal voltage is 
started after the speci?c time period Ta, for example 5 
minutes, passes after a charge or discharge is halted, because 
the voltage change right after a charge or discharge includes 
components, Which have no relation With the diffusion of the 
electrolyte, such as an internal resistivity, activation polar 
iZation, and overvoltage accompanied by gas generation, 
therefore if such components are taken in, they cause an 
error for determining an open circuit voltage, that is, they are 
the error factors for determining an open circuit voltage. 
That is, such error factors are eliminated from data for 
obtaining the poWer approximation expression in the present 
invention. 

[0066] Further, the sampling of the terminal voltage is 
?nished When the speci?c time period Tb, for example 80 
minutes, passes after the charge or discharge is halted, not 
only because it is convenient to do so but also because the 
voltage change decreases as time passes, thereby possibly 
deteriorating the estimation accuracy of an open circuit 
voltage depending upon the resolution of the measurement, 
and further because the in?uence of voltage drop due to dark 
current of a vehicle increases as time passes. 

[0067] As for de?ning a plurality of time periods With 
regard to the terminal voltage in an open circuit state, Which 
is measured and collected for the time period from Ta to Tb 
after the completion of a charge or discharge, With respect to 
Ta (5 minutes), de?ned are, for example, the shortest Ta1 (5 
minutes), Ta2 (15 minutes), Ta3 (25 minutes), Ta4 (35 
minutes) and Ta5 (45 minutes), While With respect to Tb (80 
minutes), de?ned are, for example, the longest Tb4 (80 
minutes), Tb3 (60 minutes), Tb2 (40 minutes) and Tbl (20 
minutes). Then, Ta1-Ta5 and Tb4-Tb1 are used as the 
respective starting and ?nishing time points in combination, 
thus a plurality of time periods With regard to the collected 
terminal voltage in an open circuit state are predetermined. 

[0068] That is, With regard to the terminal voltage in an 
open circuit state, Which is measured and collected for the 
time period from Ta to Tb after the completion of a charge 
or discharge, sixteen different time periods can be thor 
oughly set up, Which are from Ta1 to Tb4, Tb3, Tb2 or Tbl, 
from Ta2 to Tb4, Tb3, Tb2 or Tbl, from Ta3 to Tb4, Tb3 or 
Tb2, from Ta4 to Tb4, Tb3 or Tb2, and from Ta5 to Tb4 or 
Tb3. 

[0069] Since the shortest time point of the start and longest 
time point of the ?nish as de?ned above correspond to the 
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time points of start and ?nish of the time period for mea 
suring and collecting the terminal voltage in an open circuit 
state, respectively, time points of start and ?nish -of the time 
period for measuring and collecting the terminal voltage are 
not necessary to be set separately. Moreover, since the time 
interval (i.e. 10 minutes) betWeen the time points of start is 
set smaller than the time interval (i.e. 20 minutes) betWeen 
the time points of ?nish, therefore it is possible to set the 
time period ?nely With regard to the components of the 
voltage change especially arisen right after a charge or 
discharge, Wherein the components are, for example, an 
internal resistivity, activation polariZation, and overvoltage 
accompanied by gas generation, Which have no relation With 
the diffusion of the electrolyte and the components easily 
become the error factor for determining an open circuit 
voltage. 
[0070] After the predetermined time period Ta, for 
example 5 minutes, passes after completion of a charge or 
discharge of a battery, the terminal voltage of the battery in 
an open circuit state is measured and collected in a cycle of, 
for example, 10 seconds until the predetermined time period 
Tb, for example 80 minutes, passes. Then, With regard to the 
collected terminal voltage, a voltage value, to Which a poWer 
approximation expression asymptotically approaches, is 
computed as an assumed open circuit voltage of each time 
period, Wherein the poWer approximation expression has an 
exponent of —0.5 or about —0.5 and is determined on the 
basis of the terminal voltage of each time period of a 
plurality of predetermined time periods. 

[0071] Especially When a charge of the battery is ?nished, 
as shoWn in FIG. 5, the assumed open circuit voltage E is 
subtracted from the terminal voltage collected for each time 
period, thereby computing the poWer approximation expres 
sion ot~tD for each time period. 

[0072] On the other hand, When a discharge of the battery 
is ?nished, as for the terminal voltage of the battery in an 
open circuit state, a component thereof that has fallen due to 
the concentration polariZation is gradually canceled, thereby 
the terminal voltage gradually increases and asymptotically 
approaches an open circuit voltage E0, Which is a terminal 
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voltage of the battery in an equilibrium state, for example, 
after 24 hours. Thus, in case of a discharge, since the 
assumed open circuit voltage E is alWays larger than the 
poWer approximation expression ot~tD, a value obtained by 
subtracting the assumed open circuit voltage E from the 
terminal voltage in an open circuit state measured for each 
time period is negative, therefore an absolute value of the 
value obtained by subtracting the assumed open circuit 
voltage E from the terminal voltage in an open circuit state 
is used, thereby computing the poWer approximation expres 
sion ot~tD for each time period. 

[0073] In general, after a charge or discharge is completed, 
on the basis of a value obtained by subtracting the assumed 
open circuit voltage from the terminal voltage in an open 
circuit state for each time period, a predetermined poWer 
approximation expression having a negative exponent is 
determined, and the determination of the poWer approxima 
tion expression is carried out repeatedly by updating the 
assumed open circuit voltage until the exponent of the 
determined poWer approximation expression becomes —0.5, 
then the assumed open circuit voltage When the exponent 
becomes —0.5 is estimated as an open circuit voltage. 

[0074] If there is a case that the exponent does not become 
—0.5 even When the determination of the poWer approxima 
tion expression is carried out repeatedly by updating the 
assumed open circuit voltage for a predetermined times, it is 
judged that the exponent does become —0.5 by carrying out 
the determination by updating for a predetermined times and 
the assumed open circuit voltage at that time is estimated as 
an open circuit voltage, thereby eliminating further unnec 
essary process for determining the poWer approximation 
expression. 
[0075] After a battery Was charged from 0% to 100%, on 
the basis of the terminal voltage in an open circuit state 
measured in a constant cycle of 10 seconds for a time period 
from Ta1 to Tb4 after the completion of the charge, the 
terminal voltage in an open circuit state measured for each 
time period Was subjected to a poWer approximation, 
thereby computing the assumed open circuit voltage. The 
results are shoWn in Table 1. 

TABLE 1 

Tb min 

T'b1 20 Th2 40 Tb3 60 Tb4 80 

Ta (min) Tail 5 12.7953 12.7704 12.7752 12.7841 
left left —0.0249 left 0.0048 left 0.0089 
right 0.0249 right —0.0048 right —0.0089 right 
upper upper upper upper 
loWer 0.0414 loWer 0.0103 loWer —0.0013 loWer —0.0059 

Ta2 15 12.7538 12.7600 12.7765 12.7900 
left left 0.0062 left 0.0165 left 0.0134 
right —0.0062 right —0.0165 right —0.0135 right 
upper —0.0414 upper —0.0103 upper 0.0013 upper 0.0059 
loWer loWer —0.0094 loWer —0.0120 loWer —0.0115 

Ta3 25 12.7695 12.7885 12.8015 
left left left 0.0190 left 0.0130 
right right —0.0190 right —0.0130 right 
upper upper 0.0094 upper 0.0120 upper 0.0115 
loWer loWer —0.0188 loWer —0.0113 loWer —0.0097 

Ta4 35 12.7883 12.7997 12.8112 
left left left 0.0114 left 0.0114 
right right —0.0114 right —0.0114 right 
upper upper 0.0188 upper 0.0113 upper 0.0097 



US 2003/0169049 A1 Sep. 11, 2003 

TABLE 1-continued 

Tb min 

Tb1 20 Tb2 40 Tb3 60 Tb4 80 

lower lower lower —0.0097 lower —0.0074 
T215 45 12.8095 12.8186 

left left left left 0.0091 
right right right —0.0091 right 
upper upper upper 0.0097 upper 0.0074 
lower lower lower lower 

[0076] In Table 1, there is shown a difference from the 
assumed open circuit voltage of a neighboring time period as 
well. For example, it is shown that the assumed open circuit 
voltage is 12.7765 V for the time period Ta2-Tb3 and that its 
difference in comparison with the assumed open circuit 
voltage 12.7600 V for the time period Ta2-Tb2 (denoted by 
“left” in Table 1), its difference in comparison with the 
assumed open circuit voltage 12.7900 V for the time period 
Ta2-Tb4 (denoted by “right”), its difference in comparison 
with the assumed open circuit voltage 12.7752 V for the time 
period Ta1-Tb3 (denoted by “upper”) and its difference in 
comparison with the assumed open circuit voltage 12.7885 
V for the time period Ta3-Tb3 (denoted by “lower”) are 
0.0165, —0.0135, 0.0013 and —0.0120, respectively. In Table 
1, a blank means that there is no corresponding neighboring 
time period. 

[0077] As shown in Table 1, when comparing the differ 
ences between the assumed open circuit voltage of each time 
period and that of its neighboring time period, the time 
period Ta1-Tb3 (i.e. 5 minutes-60 minutes) had the mini 
mum difference. Further, the assumed open circuit voltage 
based on the terminal voltage in an open circuit state, which 
was measured for the time period Ta1-Tb3, had a very small 
difference that was about 1 mV, from a terminal voltage 
measured when 24 hours passed after completion of a charge 
and the battery became in an equilibrium state, i.e. an 
observed value of the open circuit voltage (in an equilibrium 
state of the battery) 12.77425 V. It was con?rmed that there 
was no assumed open circuit voltage having less difference 
than those as described above for the other time periods. 

[0078] Table 2 shows a similar result for a battery, which 
was charged from 0% to 50%. In this case, the time period 
Ta4-Tb3 (i.e. 35 minutes-60 minutes) had the minimum 
difference. That is, the assumed open circuit voltage 12.3040 
V thereof had a difference, i.e. about 7 mV in comparison 
with an observed value of the open circuit voltage (in an 
equilibrium state of the battery) 12.2969 V. This value of 
about 7 mV was less than about 27 mV for the time period 
Ta1-Tb3 (5 minutes-60 minutes). 

TABLE 2-continued 

Tb (mm) 

Tb1 20 Tb2 40 Tb3 60 

Ta2 12.3313 12.3221 12.3143 
15 left left —0.0092 left —0.0078 

right 0.0092 right 0.0078 right 
upper —0.0180 upper —0.0114 upper —0.0098 
lower lower 0.0079 lower 0.0060 

Ta3 12.3142 12.3083 
25 left left left —0.0059 

right right 0.0059 right 
upper upper —0.0079 upper —0.0059 
lower lower 0.0068 lower 0.0043 

Ta4 12.3074 12.3040 
35 left left left —0.0034 

right right 0.0034 right 
upper upper —0.0068 upper —0.0043 
lower lower lower 

[0079] Accordingly, an assumed open circuit voltage for a 
time period, in which its difference from an assumed open 
circuit voltage for a neighboring time period becomes mini 
mum among the assumed open circuit voltages determined 
for a plurality of predetermined time periods, that is, a time 
period, in which a value obtained by dividing a summation 
of absolute values of a difference from the assumed open 
circuit voltage of a neighboring time period by the number 
of the neighboring time periods becomes minimum, is set to 
be an open circuit voltage of the battery, thereby an open 
circuit voltage can be accurately estimated. 

[0080] FIG. 2 illustrates a primary construction of a 
device for estimating an open circuit voltage of a battery for 
use in a vehicle according to a preferred embodiment, to 
which a method of estimating an open circuit voltage of a 
battery according to the present invention is applied, show 
ing by a block diagram partially. A device for estimating an 
open circuit voltage of a battery for use in a vehicle 
according to the preferred embodiment is mounted on a 
hybrid vehicle having an engine 3 and motor generator 5. 

[0081] As for the hybrid vehicle, in its normal operation, 
only the output power from the engine 3 is transmitted to a 

TABLE 2 _ _ _ 

wheel 11 by way of a drive shaft 7 and differential case 9, 
Tb (mm) thereby the vehicle travels, while in its high load operation, 

Tb Tb Tb the motor generator 5 functions as a motor with an electric 
1 2O 2 4O 3 60 power from a battery 13, transmitting the output power from 

Ta Ta1 12.3493 12.3335 12.3241 the motor generator 5 in addition to the output power from 
(min) 5 left left —00158 left 410094 the engine 3 to the wheel 11 by way of the drive shaft 7, 

nght 00158 nght 00094 nght thereby the vehicle attains an assist traveling. 
upper upper upper 
lower 0.0180 lower 0.0094 lower 0.0098 [0082] Further, as for the hybrid vehicle, the motor gen 

erator 5 functions as a generator upon deceleration or 
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braking so that the kinetic energy is transformed into the 
electric energy, thereby charging the battery 13. 

[0083] Further, the motor generator 5 is used as a starter 
motor for forcibly rotating a ?ywheel of the engine 3 upon 
starting of the engine 3 accompanied With sWitching on of a 
starter sWitch (not shoWn). In such a case, the motor gen 
erator 5 receives a large current in a short period of time. 
When the engine 3 starts by the motor generator 5 accom 
panied With sWitching on of the starter sWitch, accompany 
ing With the removal of the operation of an ignition key (not 
shoWn), the starter sWitch becomes off and the ignition 
sWitch or an accessory sWitch becomes on, thereby the 
discharge current from the battery 13 becomes a stationary 
current. 

[0084] A device 1 for estimating an open circuit voltage of 
a battery for use in a vehicle according to the preferred 
embodiment includes a current sensor 15, Which detects the 
discharge current I of the battery 13 With regard to electric 
equipment such as a motor for assist traveling and a motor 
generator 5 and the charge/discharge current from the motor 
generator 5 and a voltage sensor 17, Which detects a terminal 
voltage V of the battery 13, having a resistance of about 1 
M ohm, Which is connected in parallel With the battery 13. 

[0085] The device 1 also includes a microcomputer 23, 
into Which the output from the current sensor 15 and voltage 
sensor 17 are taken after A/D conversion in an interface 

circuit (hereinafter, UP) 21. 
[0086] The microcomputer 23 includes a CPU 23a, RAM 
23b and ROM 23c, in Which the CPU 23a is connected to the 
UP 21 as Well as to the RAM 23b and ROM 23c, and further 
to the starter sWitch, ignition sWitch, accessory sWitch, and 
sWitches of the electric equipment except the motor genera 
tor 5. 

[0087] The RAM 23b has a data area for storing various 
data and a Work area for use in various processings. A 
control program to make the CPU 23a carry out various 
processings is installed in the ROM 23c. 

[0088] The current value and voltage value, Which are the 
output from the current sensor 15 and voltage sensor 17, 
respectively, are taken into the CPU 23a of the microcom 
puter 23 by Way of the UP 21. 

[0089] In the folloWing, a process for estimating an open 
circuit voltage of a battery, Which is carried out by the CPU 
23a according to the program installed in the ROM 23c, Will 
be explained With reference to FIGS. 7 and 8. 

[0090] The microcomputer 23, Which starts operating by 
receiving the electric poWer form the battery 13, judges 
Whether or not a charge or discharge is completed by 
detecting Whether or not a current value is Zero on the basis 
of the current value obtained by sampling an output from the 
current sensor 15. When the completion of a charge or 
discharge is detected as a result of the above judgment, a 
process for estimating an open circuit voltage shoWn in a 
How chart in FIG. 7 is started. In the process, ?rst Whether 
or not the predetermined time period Ta1, for example 5 
minutes, has passed after the completion of a charge or 
discharge is judged (step S1). 

[0091] Ifjudged not yet passed, it is necessary to Wait. If 
judged passed (Y at step S1), a terminal voltage of the 
battery in its open circuit state is measured in a cycle of a 
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constant time period, for example 10 seconds, by using an 
output from the voltage sensor 16 and collecting the mea 
sured terminal voltage by storing it in the data area (corre 
sponding to the collecting means) of the RAM 23b (step S2). 
Then, this sampling of the terminal voltage is continued until 
the predetermined time period Tb4, for example 80 minutes, 
have passed after the completion of a charge or discharge (N 
at step S3). 

[0092] When the time period Tb4 has passed (Y at step 
S3), the time period Ta is set by selecting one of a plurality 
of the predetermined start time points such as 5, 15, 25 and 
35 minutes in a measuring time period de?ned from 5 to 80 
minutes after the completion of a charge or discharge (step 
S4), and also the time period Tb is set by selecting one of a 
plurality of the predetermined ?nish time points such as 20, 
40, 60 and 80 minutes, then one of a plurality of time periods 
is determined by combining the set start and ?nish time 
points (steps S4 and S5). When the time period is deter 
mined, a process for computing the assumed open circuit 
voltage for the pertinent time period is carried out by using 
the terminal voltage measured for the time period (step S6). 
This process for computing the assumed open circuit voltage 
is continuously carried out until the computation is com 
pleted for all the time periods (N at step S7). 

[0093] When the assumed open circuit voltage is com 
puted for all the time periods, as for the assumed open circuit 
voltage for each time period, its difference from an assumed 
open circuit voltage for a neighboring time period is com 
puted and the computed difference is stored in the data area 
of the RAM 23b (step S8). Then a time period, in Which the 
difference from the assumed open circuit voltage for the 
neighboring time period is minimum, is selected and then, 
the assumed open circuit voltage for the selected time period 
is estimated as an open circuit voltage of the battery (step 
S9). The selection of the time period, in Which the difference 
from the assumed open circuit voltage for the neighboring 
time period is minimum, is actually carried out by selecting 
a time period, in Which a value obtained by dividing a 
summation of absolute values of the difference from the 
assumed open circuit voltage of the neighboring time period 
by the number of the neighboring time periods becomes 
minimum. 

[0094] The process for computing the assumed open cir 
cuit voltage for each time period at step S6 in the How chart 
in FIG. 7 is actually carried out according to a How chart 
shoWn in FIG. 8. 

[0095] First, a difference betWeen the terminal voltage 
V(t) measured for each time period and the assumed open 
circuit voltage E, that is, in case of after completion of a 
charge, a value of the measured terminal voltage V(t) minus 
the assumed open circuit voltage E, While in case of after 
completion of a discharge, an absolute value of a value of the 
measured terminal voltage V(t) minus the assumed open 
circuit voltage E, is computed (step S6a), then a poWer 
approximation is subjected to thus computed value f(t), 
thereby determining a predetermined poWer approximation 
expression having a negative exponent (step S6b). 

[0096] When the poWer approximation expression is 
determined, Whether or not the exponent of the determined 
poWer approximation expression is equal to —0.5 is judged 
(step S6c), then as a result of the judgment if the exponent 
D does not reach —0.5 (N at step S6c), the assumed open 
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circuit voltage E is updated (step 56a) then returning to step 
S641, a process for subtracting the assumed open circuit 
voltage E from the measured terminal voltage V(t) is carried 
out as to the updated assumed open circuit voltage. If the 
exponent D reaches —0.5 (Y at step S6c), the assumed open 
circuit voltage E When the exponent D reaches —0.5 is stored 
in the data area of the RAM 23b as the assumed open circuit 
voltage for the pertinent time period (step S66‘), thereby 
?nishing a series of the process and returning to the How 
chart in FIG. 7. 

[0097] If the exponent of the determined poWer approxi 
mation expression does not readily reach —0.5, a voltage 
value When the predetermined number of times for deter 
mining the poWer approximation expression is carried out is 
computed as the assumed open circuit voltage for the 
pertinent time period and a series of the process can be 
?nished. 

[0098] In the How chart in FIG. 8, the measurement is 
carried out in a constant cycle of 10 seconds for the time 
period from Ta1 to Tb4. The microcomputer may be set in 
non-operation state for a time period except the time period 
of measurement carried out in a cycle of 10 seconds. 

[0099] In the folloWing, a method hoW to determine the 
poWer approximation expression at step S6b Will be 
explained. 

[0100] The poWer approximation expression y=ot~xD can 
also be expressed by: 

ln(y)=ln(oL)+D-ln(x). 

[0101] If setting as ln(y)=Y, ln(ot)=A, and ln(x)=X, it is 
expressed by: 

[0102] Which is a linear equation. 

[0103] Being computed by regression analysis, A and D 
become as folloWs. 

[0104] If a difference betWeen the approximation expres 
sion and the real data is set to be 6, it is expressed by: 

Yi=A+D-Xi+ei (i=1, 2, . . . , n). 

[0105] Since A and D, by Which ei becomes minimum as 
a Whole, are to be computed, therefore, A and D, by Which 
the summation of ei2 becomes minimum, are computed. 

[0106] The above is a description of least squares method. 
According to least squares method, it is described as fol 
loWs. 

62ei/6A=0 

62ei/6D=0 

[0107] When these simultaneous questions are solved, 

EYi-DEXi-EA=0 

2XiYi—D2Xi2—A2Xi=O 

[0108] Thereby, 
D=(EXiYY—nXaYa)/(EX1'Z—I1XaZ) 
A=Ya—DXa 

[0109] Here, Xi is data of X axis, Yi is data of Y axis, n 
is the number of data, Xa is an average of Xi, and Ya is an 
average of Yi. 
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[0110] Since A=ln(ot) as described above, 
OL=6A 

[0111]D Therefore, the poWer approximation expression 
y=ot~x can be computed. 

[0112] In the folloWing, a method hoW to update the 
assumed open circuit voltage at step S6d Will be explained 
With reference to FIG. 9 and Table 3. 

TABLE 3 

the loWer limit intermediate upper limit 

number assumed assumed assumed 
of open open open 

times of circuit circuit circuit 
search voltage D voltage D voltage D 

1 0.000 —0.019 6.350 —0.037 12.700 —2.639 
2 6.350 —0.037 9.525 —0.073 12.700 —2.639 
3 9.525 —0.073 11.113 —0.140 12.700 —2.639 
4 11.113 —0.140 11.906 —0.163 12.700 —2.639 
5 11.906 —0.163 12.303 —0.464 12.700 —2.639 
6 12.303 —0.464 12.502 —0.763 12.700 —2.639 
7 12.303 —0.464 12.402 —0.575 12.502 —0.763 
8 12.303 —0.464 12.353 —0.514 12.402 —0.575 
9 12.303 —0.464 12.328 —0.488 12.353 —0.514 

10 12.328 —0.488 12.340 —0.500 12.353 —0.514 

[0113] When the assumed open circuit voltage for each 
time period is computed, the folloWing method is used to 
update the assumed open circuit voltage. First, the poWer 
approximation is carried out With regard to, for example, an 
upper limit V(Tb) of the assumed open circuit voltage, a 
loWer limit 0 of the assumed open circuit voltage, and an 
intermediate value V(Tb)/2 of the assumed open circuit 
voltage as shoWn in FIG. 9. 

[0114] Then, values of the exponent D(V(Tb)), D(0) and 
D(V(Tb)/2) obtained from the respective approximations are 
compared With each other, that is, a comparison Whether D 
for the intermediate value of the assumed open circuit 
voltage is equal to —0.5 or not is carried out and if not equal 
to —0.5, a comparison Whether the D is larger or smaller than 
—0.5 is carried out. If the D for the intermediate value of the 
assumed open circuit voltage is not equal to —0.5, With 
regard to a range that includes data corresponding to —0.5, 
that is, in an example of Table 3, a range betWeen the 
intermediate value of the assumed open circuit voltage and 
the upper limit of the assumed open circuit voltage, a value 
of D for a divided assumed open circuit voltage (V(Tb)+ 
V(Tb)/2)/2 is computed and the comparison by computation 
is repeated until the D becomes —0.5. An actual example is 
shoWn in Table 3. In Table 3, except for the number of search 
being 1, values of the exponent D for the loWer limit, 
intermediate and upper limit are computed, hoWever regard 
ing a further search after the ?rst search, the computation for 
the exponent D is necessary only for the intermediate value. 

[0115] In such a case that the exponent does not become 
—0.5 even When the updating of the assumed open circuit 
voltage is carried out repeatedly, it is judged that the 
exponent does become —0.5 at a time point When a difference 
betWeen the loWer and upper limits of the assumed open 
circuit voltage reaches about 0.001 V and the assumed open 
circuit voltage at this time point is estimated as an open 
circuit voltage, thereby eliminating further unnecessary pro 
cess for determining the poWer approximation expression. 
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[0116] The reason Why the initial upper limit of the 
assumed open circuit voltage is set V(Tb) is that an open 
circuit voltage never becomes higher than Avalue of 
an open circuit voltage after completion of a discharge (i.e. 
electric capacity 0%) may be used as the loWer limit of the 
assumed open circuit voltage, hoWever When an overdis 
charge takes place, since the pertinent value is possibly 
loWer than the open circuit voltage after completion of a 
discharge (i.e. electric capacity 0%), therefore the initial 
value is set to be 0 V. 

[0117] In the device 1 for estimating an open circuit 
voltage of a battery for use in a vehicle according to the 
preferred embodiment, the step S2 in the How chart in FIG. 
7 is a process, Which corresponds to the measuring means 
described in the claim, and the steps 54-56 is a process, 
Which corresponds to the computing means described in the 
claim. 

[0118] In the folloWing, an action for estimating an open 
circuit voltage according to the preferred embodiment Will 
be explained. 

[0119] When electric equipment (load) except for motor 
generator 5 in a hybrid vehicle is in operation or the motor 
generator 5 is in operation so as to function as a motor, a 
battery 13 carries out a discharge, While the motor generator 
5 is in operation so as to function as a generator, a battery 
13 carries out a charge. A charge or discharge of the battery 
13 can be detected by taking in an output from the current 
sensor 15 and the completion of a charge or discharge can 
also be detected by knowing that the output from the current 
sensor 15 is Zero. 

[0120] When the completion of a charge or discharge is 
detected by the output from the current sensor 15, an output 
from the voltage sensor 17 is taken in, thereby a terminal 
voltage of the battery in an open circuit state is periodically 
measured, then these measured voltage values together With 
a period of time elapsed after the completion of a charge or 
discharge are stored and collected in the data area of the 
RAM 23b. 

[0121] A plurality of predetermined time periods are set 
With regard to the collected terminal voltage of the battery 
in an open circuit state, then the assumed open circuit 
voltage E is subtracted from the terminal voltage V(t) for 
each time period, thereby determining the poWer approxi 
mation expression by applying least squares method to the 
values obtained by the subtraction. It is judged Whether or 
not an exponent D of the determined poWer approximation 
expression ot~tD becomes —0.5. If not, the assumed open 
circuit voltage E is updated and a similar process is carried 
out to determine the poWer approximation expression ot-tD 
for each time period. Such an action is repeatedly carried out 
until the exponent becomes —0.5 or about —0.5, then a 
voltage value at that time point is obtained as the assumed 
open circuit voltage for the pertinent time period. The 
con?rmation of the exponent becoming about —0.5 can be 
carried out by knoWing that the number of determinations of 
the poWer approximation expression becomes a predeter 
mined number or by knoWing that the region of the assumed 
open circuit voltage becomes less than a predetermined 
region. 

[0122] The assumed open circuit voltage for each time 
period thus obtained is an asymptote of the poWer approxi 
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mation expression (xtD. Therefore, even if the asymptote of 
the poWer approximation expression ot~tD changes depend 
ing on temperature or even if the time period Ta or Tb 
becomes different, the assumed open circuit voltage does not 
shift. Therefore, there is no need of temperature compensa 
tion at all and the assumed open circuit voltage can be useful 
as it is even if a characteristic of the battery is different a 
little. Moreover, if a charge or discharge current does not 
How for the time period from Ta1 to Tb4 after completion of 
a charge or discharge, an open circuit voltage can be 
estimated every time, that is, an open circuit voltage can 
frequently be estimated. 

[0123] In the explanation as described above, the asymp 
tote of the poWer approximation expression is considered 
not to change depending on temperature. This is because 
although strictly speaking an open circuit voltage does 
change slightly as temperature changes, the change in the 
open circuit voltage is negligibly small. 

[0124] The present invention can effectively be applied to 
a vehicle such as a hybrid vehicle, in Which a motor 
generator charges regenerated electric poWer into a battery, 
in order to knoW the charging state of the battery appropri 
ately and to improve the fuel efficiency by using the battery 
effectively. 

[0125] In this speci?cation, a terminal voltage of a battery, 
Which is in?uenced by polariZation and so on, is de?ned as 
the terminal voltage of a battery in an -open circuit state, 
While a terminal voltage in an open circuit state of a battery 
in an equilibrium state is de?ned as an open circuit voltage. 

[0126] In the preferred embodiment as described above, 
the estimation of an open circuit voltage of a battery in a 
hybrid vehicle is explained. HoWever, the present invention 
can also be applied to an estimation of an open circuit 
voltage of a battery, Which is mounted on various vehicles 
such as a general 14V vehicle, vehicle having multi-poWer 
sources such as 14V and 42V, electric vehicle, usual gasoline 
motor vehicle. 

[0127] In the preferred embodiment as described above, in 
an example shoWn in Table 1, the measurement is carried out 
for 80 minutes after completion of a charge or discharge. 
HoWever, if the resolution of the analogue-to-digital con 
version is about 5 mV or so upon reading in the measured 
terminal voltage of a battery in an open circuit state, the 
measurement up to 60 minutes is suf?cient and the mea 
surement up to 80 minutes is not necessary. 

[0128] In the preferred embodiment as described above, 
the time interval of 10 minutes for Ta and the time interval 
of 20 minutes for Tb are set. HoWever, instead, these time 
intervals may be set shorter than those, respectively. In 
principle, the accuracy should be improved to some extent 
When a short time interval is used. HoWever, since the 
voltage difference betWeen the neighboring time periods is 
suf?ciently small, the time intervals such as 10 minutes for 
Ta and 20 minutes for Tb as described above, for example, 
are very much satisfactory. 

[0129] The aforementioned preferred embodiments are 
described to aid in understanding the present invention and 
variations may be made by one skilled in the art Without 
departing from the spirit and scope of the present invention. 
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What is claimed is: 
1. A method of estimating an open circuit voltage of a 

battery for supplying electric poWer to a load, comprising 
the steps of: 

measuring and collecting a terminal voltage of the battery 
in an open circuit state in a speci?c cycle after comple 
tion of a charge or discharge of the battery; 

computing a voltage value, to Which a poWer approxima 
tion expression asymptotically approaches, as an 
assumed open circuit voltage of each time period from 
the collected terminal voltage, Wherein the poWer 
approximation expression has an exponent of —0.5 or 
about —0.5 and is determined on the basis of the 
terminal voltage of each time period of a plurality of 
predetermined time periods; and 

estimating the assumed open circuit voltage of a time 
period, in Which its difference from the assumed open 
circuit voltage of a neighboring time period becomes 
minimum, as an open circuit voltage. 

2. The method of estimating an open circuit voltage of a 
battery according to claim 1, Wherein each time period of a 
plurality of predetermined time periods is de?ned by a 
combination betWeen one of a plurality of start time points 
and one of a plurality of ?nish time points, Which are 
predetermined With an elapsed time after completion of a 
charge or discharge of the battery. 

3. The method of estimating an open circuit voltage of a 
battery according to claim 2, Wherein the shortest one of the 
start time points and the longest one of the ?nish time points 
correspond to a start and a ?nish of the time period, 
respectively, during Which the terminal voltage of the battery 
in an open circuit state is measured and collected. 

4. The method of estimating an open circuit voltage of a 
battery according to claim 3, Wherein an interval betWeen a 
plurality of the start time points is smaller than an interval 
betWeen a plurality of the ?nish time points. 

5. The method of estimating an open circuit voltage of a 
battery according to claim 3, Wherein a time period, in Which 
a value obtained by dividing a summation of absolute values 
of a difference from the assumed open circuit voltage of a 
neighboring time period by the number of the neighboring 
time periods becomes minimum, is set to be a time period, 
in Which a difference from the assumed open circuit voltage 
of a neighboring time period becomes minimum. 

6. A method of estimating an open circuit voltage of a 
battery for supplying electric poWer to a load, comprising 
the steps of: 

measuring and collecting a terminal voltage of the battery 
in an open circuit state in a speci?c cycle after comple 
tion of a charge of the battery; 

computing a voltage value, to Which a poWer approxima 
tion expression asymptotically approaches, as an 
assumed open circuit voltage of each time period from 
the collected terminal voltage, Wherein the poWer 
approximation expression has an exponent of —0.5 or 
about —0.5 and is determined on the basis of the 
terminal voltage of each time period of a plurality of 
predetermined time periods; and 

estimating the assumed open circuit voltage of a time 
period, in Which its difference from the assumed open 
circuit voltage of a neighboring time period becomes 
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minimum, as an open circuit voltage, Wherein on the 
basis of a difference value betWeen the terminal voltage 
in an open circuit state for each time period and an 
assumed open circuit voltage, a predetermined poWer 
approximation expression having a negative exponent 
is determined, and the determination of the poWer 
approximation expression is carried out repeatedly by 
updating the assumed open circuit voltage until the 
exponent of the determined poWer approximation 
expression becomes —0.5 or about —0.5, thereby com 
puting a voltage value to Which the poWer approxima 
tion expression asymptotically approaches. 

7. A method of estimating an open circuit voltage of a 
battery for supplying electric poWer to a load, comprising 
the steps of: 

measuring and collecting a terminal voltage of the battery 
in an open circuit state in a speci?c cycle after comple 
tion of a discharge of the battery; 

computing a voltage value, to Which a poWer approxima 
tion expression asymptotically approaches, as an 
assumed open circuit voltage of each time period from 
the collected terminal voltage, Wherein the poWer 
approximation expression has an exponent of —0.5 or 
about —0.5 and is determined on the basis of the 
terminal voltage of each time period of a plurality of 
predetermined time periods; and 

estimating the assumed open circuit voltage of a time 
period, in Which its difference from the assumed open 
circuit voltage of a neighboring time period becomes 
minimum, as an open circuit voltage, Wherein on the 
basis of an absolute value of a value obtained by 
subtracting the assumed open circuit voltage from the 
terminal voltage in an open circuit state for each time 
period and on the basis of a difference value betWeen 
the terminal voltage in an open circuit state for each 
time period and an assumed open circuit voltage, a 
predetermined poWer approximation expression having 
a negative exponent is determined, and the determina 
tion of the poWer approximation expression is carried 
out repeatedly by updating the assumed open circuit 
voltage until the exponent of the determined poWer 
approximation expression becomes —0.5 or about —0.5, 
thereby computing a voltage value to Which the poWer 
approximation expression asymptotically approaches. 

8. The method of estimating an open circuit voltage of a 
battery according to claim 6, Wherein a time period, in Which 
a value obtained by dividing a summation of absolute values 
of a difference from the assumed open circuit voltage of a 
neighboring time period by the number of the neighboring 
time periods becomes minimum, is set to be a time period, 
in Which a difference from the assumed open circuit voltage 
of a neighboring time period becomes minimum. 

9. The method of estimating an open circuit voltage of a 
battery according to claim 7, Wherein a time period, in Which 
a value obtained by dividing a summation of absolute values 
of a difference from the assumed open circuit voltage of a 
neighboring time period by the number of the neighboring 
time periods becomes minimum, is set to be a time period, 
in Which a difference from the assumed open circuit voltage 
of a neighboring time period becomes minimum. 

10. The method of estimating an open circuit voltage of a 
battery according to claim 1, Wherein the poWer approxi 
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mation expression is expressed by ot~tD, Where t is time, 0t 
is an unknown coef?cient, and D is an unknown negative 
exponent. 

11. The method of estimating an open circuit voltage of a 
battery according to claim 6, Wherein the poWer approxi 
mation expression is expressed by ot~tD, Where t is time, 0t 
is an unknown coef?cient, and D is an unknown negative 
exponent. 

12. The method of estimating an open circuit voltage of a 
battery according to claim 7, Wherein the poWer approxi 
mation expression is expressed by ot~tD, Where t is time, 0t 
is an unknoWn coef?cient, and D is an unknoWn negative 
exponent. 

13. The method of estimating an open circuit voltage of a 
battery according to claim 10, Wherein the number of values 
of the measured terminal voltage in an open circuit state for 
each time period is set to be an optional number equal to or 
more than 2 and the terminal voltage of the optional number 
is subjected to a regression calculation, thereby determining 
the exponent D of the poWer approximation expression. 

14. The method of estimating an open circuit voltage of a 
battery according to claim 11, Wherein the number of values 
of the measured terminal voltage in an open circuit state for 
each time period is set to be an optional number equal to or 
more than 2 and the terminal voltage of the optional number 
is subjected to a regression calculation, thereby determining 
the exponent D of the poWer approximation expression. 

15. The method of estimating an open circuit voltage of a 
battery according to claim 12, Wherein the number of values 
of the measured terminal voltage in an open circuit state for 
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each time period is set to be an optional number equal to or 
more than 2 and the terminal voltage of the optional number 
is subjected to a regression calculation, thereby determining 
the exponent D of the poWer approximation expression. 

16. A device for estimating an open circuit voltage of a 
battery for supplying electric poWer to a load, comprising: 

measuring means for measuring a terminal voltage of the 
battery in an open circuit state in a speci?c cycle after 
completion of a charge or discharge of the battery; 

collecting means for collecting the terminal voltage of the 
battery in an open circuit state, Which is measured by 
the measuring means; and 

computing means for computing a voltage value, to Which 
a poWer approximation expression asymptotically 
approaches, as an assumed open circuit voltage of each 
time period from the terminal voltage collected by the 
collecting means, Wherein the poWer approximation 
expression has an exponent of —0.5 or about —0.5 and 
is determined on the basis of the terminal voltage of 
each time period of a plurality of predetermined time 
periods, 

Wherein the assumed open circuit voltage of a time period, 
in Which its difference from the assumed open circuit 
voltage of a neighboring time period becomes mini 
mum, is estimated as an open circuit voltage. 


